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Light-emitting diodes (LEDs)

Compact, high brightness, color at low cost available only in last few years.
Now enable:

* Portable lighting with bright arrays
* Improved focusing and light-beam shaping
* Use of high intensity color without filters
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Lighting devices with LEDs

LED light array LED glasses LED desk lamp

Features such as constant-output control circuit, secondary optics, and rechargeable
battery have higher cost, provide significant benefits.

An LED array (e.g., VisionEdge) with secondary optics can provide lower cost per lux
compared to many less costly, but less intense sources.

Source Peak lux @ 20 cm Initial Cost $/Peak lux
LED array 7,800 $250.00 $0.03
LED glasses 100-300 13.50-39.95 $0.14
LED desk lamp 850 150.00 $0.18
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Examples: head-mounted LED lighting

LED array:

20cm 27cm 34 cm 40 cm

Secondary lens in front of LED array creates a band of light (typoscope effect).
Provides bright light with less glare, and reduces visual confusion.

LED glasses:

20cm 27 cm 34 cm 40 cm

Batteries fresh for left eye; 8-hours old for right eye
 Without a secondary lens, the intensity drops by 40 cm
e Spots converge when light is less intense
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Constant output requires advanced circuitry

Simple devices connect LED directly to button cells, rapidly draining batteries
More complex devices use a control circuit to maintain constant intensity,
independent of battery charge.

LED reading aid output
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LED color

LEDs available in a wide range of colors.

Provides high brightness without blocking light
(as filters do).

Colored LEDs were used in both studies
described here.
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Study #1: normal eyes

Design

* 8 subjects, aged 17 to 64, no reported vision problems.

e Subjects used correction normally worn for reading.

* MN read sections read at 40 cm; black text on white background

 LED colors: Red (617 nm), Yellow (587 nm), Green (527 nm),
White (6000°K color temperature), plus fluorescent room lights.

 LED illuminance was 970 photopic lux @ 40 cm for all arrays (maximum
output of red source). Room illuminance was 300 or 600 lux.

Procedure

 Randomly select reading section and light color

* Read sections at 40 cm following standard MN Read procedure
* Repeat until 4 colors and room light have been tested
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Results: Reading acuity vs. color (all subjects)

Acuity vs. Color (F 20)
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Results: reading speed vs. letter size and color
Some subjects show significant variation with color

1000 Reading speed vs. letter size (F 62)
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Acuity (logMAR)

Results: summary of study #1

Normal eyes can show differences in acuity, critical size when reading with
intense colored light

Results vary from subject to subject

Average acuity and critical size are best with green, worst with yellow

Because the retina has a low response to red, green and white make good
candidates for high brightness sources in reading aids.
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Colored LEDs in Low Vision Reading

 Two recent publications have addressed the use of LEDs in low vision
reading.

— Ramane & Shaligram proposed a reading illumination system of 90 LEDs

controlled by a microprocessor which aIIowed different colors and intensities.
(Ramane & Shaligram. J Biomed Optics, 2012) o=

(c) (d)

— Wolffsohn, et al. found that patient near acuity (p = 0.002), critical print size (p
= 0.034) and maximum reading speed (p < 0.001), and the improvement in
near from distance acuity was greater (p = 0.004) with their preferred rather

than least-liked colour temperature illumination and recommend such lighting
be offered to low vision individuals (Woffsohm, et al. Clin Exper Optom, 2011)
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Study #2: Preliminary Report

* We are conducting a study of the VisionEdge lights on the visual acuity,
contrast sensitivity, patient preference, and reading performance of low
vision patients at the Western Blind Rehabilitation Center

 Too few subjects (N = 9) to draw conclusions, however, patient preference
data is of interest.

* Preferences are subject reports after using white, green, or blue Vision
Edge lights and exam room lighting for visual acuity and contrast
sensitivity measurements. Room lights were dimmed for the Vision Edge
lights but on for the room lighting condition.
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AMD subject preferences (N = 6)

All AMD subjects preferred green (N = 4) or blue (N= 2) lights. White was 3™ choice
for all Ss and all Ss ranked room lighting as least preferred.
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Preferences of all subjects (N =10)

The four non-AMD subjects included glaucoma, Leber’s Optic Neuropathy,
carcinoma, and diabetic retinopathy.

For all subjects the preference rankings change however green and blue are most
frequently ranked either 15t or 2"¢. White is ranked 1t or 2" by all non-AMD
subjects.
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Summary

 While LED illumination devices have been marketed for several years,
there is little research but they are promising in optimizing cost,
brightness, and benefit of non-white illumination

* Optimizing LED design should increase performance of these devices and
better guide clinicians in recommending the cost/benefit for those
patients seeking to use them

* Wolffsohn, et al paper suggests that colored LED light sources may provide
improved acuity, contrast, etc.

— Data from “normals” supports view that colored illumination improves both
acuity and critical print size

e Qurresearch, to date, does not support this finding but it does support
patient preference for colored LED illumination

* LEDs offer potential benefit to consumers and a substantial opportunity
for innovative research to better understand this potential
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Thank you

For further information or copy of handout, please e-mail

pborden@jasperridge.net
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